Time-dependent enhancement of hippocampus-dependent memory after treatment with memantine: Implications for enhanced hippocampal adult neurogenesis.
Adult hippocampal neurogenesis has been suggested to play modulatory roles in learning and memory. Importantly, previous studies have shown that newborn neurons in the adult hippocampus are integrated into the dentate gyrus circuit and are recruited more efficiently into the hippocampal memory trace of mice when they become 3 weeks old. Interestingly, a single high-dose treatment with the N-methyl-d-aspartate receptor antagonist memantine (MEM) has been shown to increase hippocampal neurogenesis dramatically by promoting cell proliferation. In the present study, to understand the impact of increased adult neurogenesis on memory performance, we examined the effects of a single treatment of MEM on hippocampus-dependent memory in mice. Interestingly, mice treated with MEM showed an improvement of hippocampus-dependent spatial and social recognition memories when they were trained and tested at 3-6 weeks, but not at 3 days or 4 months, after treatment with MEM. Importantly, we observed a significant positive correlation between the scores for spatial memory (probe trial in the Morris water maze task) and the number of young mature neurons (3 weeks old) in MEM-treated mice, but not saline-treated mice. We also observed that the young mature neurons generated by treatment with MEM were recruited into the trace of spatial memory similarly to those generated through endogenous neurogenesis. Taken together, our observations suggest that treatment with MEM temporally improves hippocampus-dependent memory formation and that the newborn neurons increased by treatment with MEM contribute to this improvement when they become 3 weeks old.